Hepatitis C virus (HCV) cure rates have been similar in patients with and without human immunodeficiency virus (HIV) coinfection; however, in the ION-4 study, black patients treated with ledipasvir/sofosbuvir (LDV/SOF) were significantly less likely to achieve cure (90%) compared to nonblack patients (99%). There are limited real-world data on the effectiveness of oral direct-acting antivirals (DAAs) in predominantly minority HIV/HCV coinfected populations. We analyzed HCV treatment outcomes among 255 HCV coinfected patients initiating DAAs between February 2014 and March 2016 in an urban clinic in Baltimore, Maryland. To facilitate adherence, patients received standardized HIV nurse/pharmacist support, which included nurse visits and telephone calls. Median age was 43 years, 88% were black, 73% male, 69% had a history of injection drug use, 45% a history of hazardous alcohol use, and 57% a comorbid psychiatric diagnosis. Median CD4 count was 577 (interquartile range, 397-820) cells/mm 3 ; most (97%) were on antiretroviral therapy, had HIV RNA <20 copies/mL (87%), and were infected with HCV genotype 1 (98%). Over 60% had significant fibrosis (Fibrosis-4 Index score 1. 45-3.25 [44%] and >3.25 [17%, cirrhosis]) and 30% were HCV treatment experienced. The majority of patients received LDV/SOF with or without ribavirin (91%) and were treated for 12 weeks. Overall, the sustained virological response rate was 97% (95% confidence interval [CI], 93-98) and did not vary by race (black, 96% [95% CI,(93)(94)(95)(96)(97)(98); nonblack, 97%, [95% CI, 83-99]), history of injection drug use, alcohol use, or psychiatric diagnosis. Conclusion: HCV treatment was highly effective among HIV-infected patients who received care within an integrated nurse/pharmacist adherence support program. These results suggest that race and psychosocial comorbidity may not be barriers to HCV elimination.
of effective antiretroviral therapy (ART). (3, 4) Successful HCV treatment leading to viral cure is associated with reductions in liver-related morbidity and mortality in HIV-infected individuals. (5) In clinical trials, HIVinfected persons treated with interferon (IFN)-free, direct-acting antiviral (DAA) regimens have had high rates of HCV cure similar to the rates observed in persons with HCV monoinfection. (6) (7) (8) (9) However, some real-world cohorts have reported lower HCV cure rates in HIV-infected persons compared to HIV uninfected individuals in the oral DAA era, (10, 11) highlighting the need for a better understanding of factors that may negatively impact HCV treatment outcomes among individuals infected with HIV and a need for interventions to address these factors. Additionally, trial data and limited real-world experience also suggest that HCV treatment may be less effective in certain subpopulations of persons with HIV coinfection. (6, 12) In particular, blacks bear a disproportionate burden of both HIV and HCV infection. Disparities in HCV treatment outcomes have historically been widened by lower rates of spontaneous and treatment-related HCV clearance related, in part, to the higher preponderance of unfavorable interleukin-28B (IL28B)/interferonlambda 4 (IFNL4) genotypes in this population, which greatly impaired the response to IFN-based HCV treatments. (13, 14) In contrast, treatment with oral DAAs, which target HCV, are markedly less impacted by host genetic polymorphisms leading to high HCV cure rates in persons with and without the unfavorable IL28B/ IFNL4 genotypes, including blacks. (15) However, in some clinical trial and real-world settings, HCV cure rates with oral HCV DAAs have been lower in black, compared to nonblack, patients. For example, in the ION-4 study, HIV-infected black patients treated with ledipasvir/sofosbuvir (LDV/SOF) for 12 weeks were significantly less likely to achieve cure (90%) compared to nonblack patients (99%), and in the Department of Veterans Affairs Clinical Case Registry for HCV, black race was independently associated with a 30% decreased likelihood of sustained virological response (SVR) following treatment with LDV/SOF. (6, 12) In this regard, there are limited real-world data on the effectiveness of oral DAAs in predominantly minority HIV/HCV coinfected populations and on the potential for clinically significant drug interactions between DAAs and antiretrovirals used to treat HIV. We evaluated the effectiveness and safety of DAA therapy among the first 255 HIV/HCV coinfected patients consecutively treated in an inner city, predominantly black HIV clinical practice.
Patients and Methods

STUDY POPULATION
This analysis included data collected from 255 HIV/HCV coinfected adults who received medical care in the Johns Hopkins HIV clinical practice and had previously enrolled in ongoing prospective, observational cohort studies of HIV and HIV/HCV clinical outcomes. The cohort has been described. (16) During HCV treatment, all patients follow an individualized HCV treatment plan to facilitate adherence. The intensity of support provided is based on the assessment of the patient's HIV and HCV care team who assign one of three color-coded levels of treatment support: Green-level patients receive minimal intervention and are permitted to initiate HCV treatment on their own; Yellow-level patients receive moderate intensity support including a mandated nurse visit to initiate DAAs with on-site delivery of the first DAA prescription; and Red-level patients receive significant support, including a mandatory nurse visit to initiate DAAs with on-site hand off of the first-month DAA prescription followed by frequent (up to weekly) visits with their nurse, pharmacist, or HCV provider during the course of HCV therapy. Patients at all three levels of support can also attend the pharmacotherapy clinic for medication counseling; at least one pharmacotherapy clinic assessment is strongly recommended for patients with chronic kidney disease, liver transplant, those prescribed more than 10 medications, or if there was a drug interaction that required a change in drug therapy.
For most Yellow-and Red-level patients, the DAA initiation visit is conducted by their long-standing HIV nurse who provides adherence counseling and a customized calendar with dates for DAA refills, safety blood draws, and nurse and clinician visits. Telephone contact occurs within 1 week of treatment initiation for all patients to assess for any concerns, including side effects and adherence. Subsequent nurse contacts include a monthly reminder for DAA refills, clinical care visits, and phlebotomy for HCV RNA, complete blood count (when ribavirin [RBV] is prescribed), and chemistries, including testing for levels of alanine aminotransferase (ALT) and creatinine. All patients are scheduled to see HCV providers at DAA treatment week 4 or 6, end of treatment (EOT), and posttreatment week 12. Persons who fail to complete scheduled HCV treatment milestones are referred to a peer navigator for intensive follow-up, including home visits.
DATA COLLECTION
The primary outcome of interest was SVR defined as an undetectable HCV RNA 12 weeks or more after EOT. EOT was defined as the last day of therapy based on start dates from pharmacy data and confirmed with recorded stop dates in the electronic medical record. Non-SVR was defined as HCV RNA detected after EOT using HCV-RNA assays with a lower limit of quantification of 15 IU/mL.
Patient demographic and other baseline characteristics were determined at HCV treatment initiation and included age, sex, race, height, weight, ART regimen, CD4 cell count, HIV and HCV-RNA level, history of health-related behaviors (e.g., drug and alcohol use), history of mental health diagnoses, and liver staging. Prescribed medications, diagnoses, and laboratory tests were abstracted from the electronic medical record. Additional data on HIV treatment adherence as well as illicit drug and alcohol use were collected through Audio Computer-Assisted Self-Interview (ACASI) Software and were available on a subset (70%) of the population within 12 months of and preceding HCV treatment initiation. Liver disease staging was assessed by liver elastography (FibroScan; EchoSens, Paris, France) or Fibrosis-4 Index (FIB-4; calculated from the patient's age, alanine aminotransferase and aspartate aminotransferase levels, and platelet count). Fasting liver stiffness measurements >12.5 kilopascals by elastography or FIB-4 score >3.25 were considered evidence of cirrhosis. (17, 18) Hazardous alcohol use was defined as >4 drinks on any day or >14 drinks per week for men and >3 drinks on any day or >7 drinks per week for women or an Alcohol Use Disorders Identification Test C (AUDIT-C) score of 4 or above. (19) Active illicit drug or alcohol use was defined as use in the 3 months preceding HCV treatment.
STATISTICAL ANALYSES
Descriptive statistics were used to characterize the study population with respect to demographics and risk behaviors. Proportions were compared using chisquare tests to assess factors associated with HCV SVR. P values <0.05 were considered to be significant. All analyses were performed using SAS software (version 9.4; SAS Institute Inc., Cary, NC). (Table 1) .
Results
Additional behavioral data collected before and within 1 year of HCV treatment by ACASI was available for 179 patients (70%). Approximately 89% of patients reported very good to excellent adherence to ART, with 86% denying any missed doses in the preceding week. Active illicit drug use varied by drug type with 14%, 8%, and 6% reporting marijuana, cocaine, and heroin use, respectively. Active alcohol use was reported in 30% and current hazardous levels of alcohol use reported in 7% of patients based on an AUDIT-C score of 4 or greater.
The majority (97%) were on ART and had HIV RNA less than 20 copies/mL (87%); the median CD4 cell count was 577 (IQR, 397-820) cells/mm 3 . Eight patients were not taking antiretrovirals. Changes in ART regimen before HCV treatment occurred in 78 (31%) of patients. Most changes occurred in patients who were on a ritonavir-boosted HIV-1 protease inhibitor and tenofovir disoproxil fumarate (TDF) and involved substitution of a protease inhibitor by the HIV-1 integrase inhibitor, dolutegravir. Of 54 patients receiving efavirenz, ART was switched from efavirenz to another agent in 15 before HCV therapy initiation. Among those prescribed ART, 127 (51%) were prescribed an HIV-1 integrase inhibitor (raltegravir, dolutegravir, or elvitegravir) and 39 (16%) prescribed efavirenz. TDF was part of the antiretroviral regimen for 78 (32%) patients, of whom 11 received TDF in combination with a ritonavir-boosted HIV-1 protease inhibitor (Table 2) .
Of 255 patients who initiated DAAs, the majority received LDV/SOF (231 patients; 91%), including 229 without and 2 with RBV. Twelve patients received simeprevir plus sofosbuvir (SIM1SOF; 5%), including 3 with and 9 without RBV. A minority of patients received sofosbuvir plus ribavirin (SOF1RBV; 6 patients [2%)] or paritaprevir/ritonavir/ombitasvir plus dasabuvir (ProD) plus RBV (5 patients; 2%).
HCV CURE RATES
Two hundred forty-six (96.5%) of 255 patients achieved SVR. Among patients receiving LDV/SOF with or without RBV, SVR in patients receiving therapy for 12 (n 5 185) and 24 weeks (n 5 36) was 97.3% and 100%, respectively. The SVR rate among patients who completed the prescribed course of LDV/ SOF (n 5 221) was 96.8%, whereas among 10 patients who had less than 12 weeks, the SVR rate was 70%. All patients who received SIM1SOF6RBV (n 5 12), ProD1RBV (n 5 5), and SOF1RBV (n 5 6) achieved SVR. SVR did not vary by race, sex, CD4 cell count, HCV genotype/subtype, cirrhosis status, or past HCV treatment experience (Fig. 1) . SVR did not vary significantly according to the type of ART regimen. Among 34 individuals infected with genotype 1a who received efavirenz and LDV/SOF, SVR overall was 97.1% and did not vary significantly by black or nonblack race (25 of 26 [96.1%] vs. 8 of 8 [100%]; P 5 0.6). However, patients who had complete HIV suppression (HIV RNA <20 copies/mL) were more likely to achieved SVR than those not fully suppressed (SVR 97.7% vs. 87.9%; P 5 0.01; Fig. 1 ). Additionally, patients who switched their ART regimen before HCV treatment had a lower SVR rate compared to those who remained on the same ART (SVR 92.3% versus 98.3%; P 5 0.02). SVR rates were also similar in persons with a history of injection drug use, hazardous alcohol use, or psychiatric comorbid disease compared to those without these conditions. Information on drug and alcohol use was assessed by ACASI in 179 persons a median of 94 (IQR, 44, 168; range, 0, 362) days preceding HCV treatment. Active illicit drug use (excluding marijuana and including cocaine, amphetamines, heroin, injection drug, or prescription opioid misuse) was reported in 12% of participants. ART categories are not mutually exclusive. Abbreviation: NNRTI, non-nucleoside reverse transcriptase inhibitor.
FIG. 1. SVR and 95%
CI by patient characteristics. Each dot represents SVR and the tails represent 95% CI for each corresponding characteristic. *Active use defined as self-reported use in the preceding 3 months. Hazardous alcohol use defined as >4 drinks on any day or >14 drinks per week for men and >3 drinks on any day or >7 drinks per week for women or an alcohol use disorders identification test C (AUDIT-C) score of 4 or above.
FAILURE TO ACHIEVE SVR
Overall, only 9 patients failed to achieve SVR; all had been prescribed 12 weeks of LDV/SOF. Among these 9 patients, 5 experienced virological relapse after completion of the full treatment course, 3 discontinued LDV/SOF prematurely, and 1 died of unknown causes after treatment week 3 ( Table 4) . Eight of these patients were of black race, 6 were male, 5 had evidence of cirrhosis, and 1 was treatment experienced. Failure to achieve SVR was attributed to nonadherence/premature discontinuation in 4 patients, an inadequate HCV treatment course of 12 weeks of LDV/ SOF in 2 (1 with previous treatment experience and cirrhosis and another with decompensated cirrhosis; both patients should have received RBV or had treatment extended to 24 weeks according to the HCV treatment guidance (20) ). Among the 3 other patients who did not achieve SVR, the treatment course was adequate, but potentially complicated by concomitant proton pump inhibitor use (n 5 2) and recurrent diarrhea, including an admission for recurrent clostridium difficile diarrhea (n 5 1). Among the 5 patients who experienced HCV relapse, all 4 who had resistance testing at the time of HCV recurrence had resistanceassociated substitutions (RASs) related to the nonstructural (NS) 5A inhibitor, ledipasvir. One patient had the sofosbuvir RAS, L159; none had the RAS at NS5B position 282 (S282T; Table 4 ).
SAFETY
One patient with preexisting stage 5 chronic kidney disease (serum creatinine 3.2 and estimated glomerular filtration rate [GFR] of 24 mL/min/1.73 m 2 ) and biopsy-proven focal segmental glomerulosclerosis experienced an increase in creatinine to 4.2 after 6 weeks of LDV/SOF and, at treatment week 8, was switched to PrOD to complete a 12-week course of HCV therapy. At the end of treatment, the patient's serum creatinine was 5.1 and estimated GFR was 14 mL/min/1.73 m 2 and remained impaired through posttreatment follow-up; the patient subsequently initiated hemodialysis. Other than this patient, there were no other significant changes in renal function assessed by serum creatinine elevations observed over the course of HCV therapy, including among patients taking concurrent LDV and TDF. The mean change in creatinine was an increase of approximately 0.1-0.2 mg/dL in patients on all ART regimens, including those receiving TDF in combination with a ritonavirboosted HIV-1 protease inhibitor (Table 3) .
Among 135 patients who had HIV RNA <20 copies/ mL before HCV treatment and had HIV RNA measured during or within 12 weeks of DAA completion, 15 (11%) had an increase in their HIV RNA to greater than 20 copies/mL, but <100 copies/mL (HIV-RNA blip). Frequency of HIV-RNA blips was similar in patients who switched ART (8%) and in those who did not (13%; (P value 5 0.45). No patient had persistent loss of HIV suppression during and after HCV treatment. Only 1 patient self-discontinued DAA treatment after 2 weeks of therapy because of perceived adverse events, which included dizziness and muscle spasms. This patient did not achieve SVR and the symptoms persisted after discontinuation of LDV/SOF. The patient subsequently admitted to poor oral intake and chronic constipation; symptoms resolved with intravenous fluids.
Discussion
In this real-world cohort of predominantly black, inner city HIV/HCV coinfected patients, treated with Creatinine available up to 12 weeks before and after LDV/SOF treatment in only 149 patients. Abbreviation: NNRTI, non-nucleoside reverse transcriptase inhibitor. oral DAAs, we observed high SVR rates (above 95%). Despite the high prevalence of psychiatric disease, and addiction disorders, the observed SVR rate was similar to that observed in registration clinical trials. (6) (7) (8) (9) These HCV cure rates were consistently high regardless of race, cirrhosis status, and HCV treatment experience.
The finding of high rates of SVR across racial groups in this study contrasts with the results of two other studies. Among 115 black patients with HIV/ HCV genotype 1 coinfection treated in the ION-4 trial of LDV/SOF for 12 weeks, the SVR rate of 90% (95% CI, 83-95) was significantly lower than the SVR rate of 99% (95% CI, 97-100) reported among the 220 patients of other races. (6) In addition, in the real-world Department of Veterans Affairs HCV case registry cohort, black veterans were significantly less likely to achieve SVR. (12) In our study, we found SVR rates of 96% among the 223 black patients with HIV/HCV coinfection treated with DAAs, which was comparable to the SVR rate of 97% among the 32 patients of other races studied. Our data suggest that black race is not associated with reduced SVR rates in HIV/HCV coinfected patients actively engaged in collocated HIV care and HCV treatment support programs.
Indeed, the consistently high rates of SVR in our cohort, regardless of race or other potentially negative predictors of SVR, such as a drug or hazardous alcohol use or mental health diagnoses, may be related to the unique HCV care model implemented in our clinical practice, which is centered on care delivery by the patient's HIV care nurse with support from an integrated specialty pharmacy. Patients had routine contact (within the first week of treatment initiation and at least monthly thereafter) with the health care team for the duration of the HCV treatment course; the intensity of this contact was specifically tailored to the individual patient's need for treatment support. Although data on patient adherence was not available, we hypothesize that frequent contact with patients during HCV therapy led to higher rates of DAA adherence, which, in turn, led to high SVR rates. Others have hypothesized that HIV medication adherence may be improved by greater frequency of visits or contact with the health care system. (21) (22) (23) Our hypothesis is also supported by another study in HIV/HCV coinfected patients in which attendance at HCV treatment follow-up appointments was associated with a higher rate of SVR. (24) High rates of SVR in our study contrasts with findings from two previous studies. (10, 11) Lower SVR rates in one study may be related to the predominant use of SIM1SOF in the early IFN era. (10) The characterization of the HIV-infected population and the model of care utilized to provide HCV care could not be extracted from the other study. (11) It is thus difficult to ascertain potential explanations for the lower SVR rates reported in the second study.
The observed high SVR rates in our study may also be related to treatment of a cohort of patients engaged in established HIV care with a proven record of antiretroviral adherence as evidenced by HIV-RNA suppression to less than 20 copies/mL in most patients before HCV treatment. This observation supports the critical role for HCV medication adherence and the importance of treatment support interventions to optimize patient outcomes with DAAs. It is important to note that HIV-RNA suppression and SVR rates were uniformly high regardless of recent illicit drug and/or alcohol use, which was self-reported by 26% of patients before HCV treatment. This is consistent with the outcomes reported in the C-EDGE Co-STAR study, in which patients on opioid substitution therapy achieved high rates of SVR despite active drug use in more than 60% of patients with HCV monoinfection and HIV/HCV coinfection. (25) Taken together, these data do not support the practice of withholding HCV treatment in the setting of active substance use but rather support the recommendation of the American Association for the Study of Liver Diseases/Infectious Diseases Society of America Guidelines Panel to deliver HCV care to persons who use drugs or alcohol in settings that support HCV treatment adherence and emphasize harm reduction strategies. (20) This may serve to increase the likelihood of HCV cure and decrease that of HCV reinfection through injection drug use or high-risk sex.
In our analysis, one predictor of failure to achieve SVR was an HIV RNA greater than 20 copies/mL before HCV treatment. In clinical trials of HCV DAAs, participants were generally required to have documented HIV suppression at the time of enrollment and there are limited data about treatment in persons not fully suppressed, which may represent incomplete adherence to ART. Although we did not have data for adherence to DAA therapy, patients with incomplete HIV suppression during ART may also be more likely to miss doses of HCV-DAA therapy. In this regard, the short, finite course of HCV treatment (84 days for most patients) may serve to magnify the impact of DAA nonadherence on increasing the risk of HCV treatment failure. Our observation also suggests that the absence of HIV suppression in persons prescribed ART may be an important biomarker of individuals for whom more-intensive adherence interventions are needed before initiating HCV treatment. Interestingly, we also observed that patients who had changes to their HIV treatment regimen to avoid the potential for drug interaction with HCV DAA were less likely to achieve SVR compared to those who were on stable ART. The reason for this observation is not clear because incidence of blips in HIV RNA to detectable levels during HCV treatment was similar in both groups. We hypothesize that the combination of a relatively new antiretroviral regimen and a new HCV-DAA regimen may have led to confusion about which medications to take or not take in the period surrounding an ART switch and HCV-DAA initiation. These data support the selection of HCV DAA regimens that do not have anticipated drug interactions with the patient's long-standing ART, and for increased vigilance and adherence support throughout the course of HCV treatment for patients in whom ART changes are considered necessary.
It is reassuring that the use of oral DAA therapy in our real-world setting was safe with no significant changes in renal function related to oral DAA therapy observed in the majority of patients. Despite ART changes in 30% of patients, the majority of patients maintained HIV viral suppression during the course and for 12 weeks after HCV treatment completion. Additionally, most patients were able to complete their recommended HCV therapy with only one discontinuation because of perceived adverse events. These observations are consistent with the safety and tolerability profile of DAA regimens observed in clinical trial populations.
Our study has multiple strengths, including our ability to characterize the cohort in detail according to demographic, behavioral, and HIV and HCV disease state characteristics. The inclusion of both black and nonblack patients also provided an opportunity to compare outcomes in different races. The limitations of our study include its single clinical site and observational nature. Additionally, the number of patients, especially those with non-genotype 1a HCV infection, were limited. However, HCV treatment outcomes in the oral DAA era among HIV-infected populations and the impact of behavioral factors and care models are just emerging. We thus believe that findings from this well-characterized cohort of HIV-infected individuals are instructive. The outcomes described were among patients who chose to enroll in the ongoing cohort study and were engaged in HIV care. Although enrollment into the cohort is not restricted based on any demographic, clinical, or behavioral factors, those who declined to enroll may have been different from those who chose to enroll in the cohort. However, prevalence of negative predictors of HIV treatment outcomes in this group, including drug and alcohol use and the sociodemographic and clinical characteristics of the participants, was similar to those of the general clinic and other inner city HIV-infected populations, and so we believe that the impact of nonparticipation in the cohort was minimal. With implementation of appropriate care models, including structured models for treatment adherence and support, such as those implemented though the Johns Hopkins HIV/HCV care model and described in this article, we expect that our HCV treatment outcomes should be reproducible.
In conclusion, we found high rates of SVR among urban HIV-infected patients who received care using a standard nurse/pharmacist adherence support program. Our results from an urban clinical practice suggest that race and psychosocial comorbidity may not be barriers to HCV elimination and is indeed feasible in populations of HIV-infected individuals engaged in care.
